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7 Overview of Lead Model Training

\
A

-

* Introduction (why do we need models?)
« The IEUBK Model- structure and components
 The U.S. EPA Adult Lead Methodology (ALM)

* Discuss IEUBK & ALM inputs (review data entry
windows and input variables)

 Risk Assessment Issues and Guidance

* PbB calculation, risk calculation, & PRG Examples
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W7  Lead Risk Assessment 1s Different

» A tremendous amount of information on the health effects of lead has been
obtained through decades of medical observation and scientific research. By
comparison to most other environmental toxicants, the degree of uncertainty
about the health effects of lead is quite low.

» Some of these effects, particularly changes in the levels of certain blood enzymes
and in aspects of children's neurobehavioral development, may occur at blood
lead levels so low as to be essentially without a threshold.

» Therefore, EPA decided that it was inappropriate to derive a Reference Dose
(RfD) for lead.

* EPA regulates lead exposure by using a biomarker (blood lead concentration).

« Environmental exposures to lead are modeled to predict blood lead levels
associated with those exposures.

* In the early 90s, CDC established 10 nug/dL as the Federal level of concern (CDC
1991 is key citation).

e This differs from standard approach where RfD are used to derive hazard
quotients.
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W7 OSWER Lead Risk Assessment Policy

* 1994 & 1998 OSWER Directives

— Established the use of the IEUBK Model as the primary tool to generate
residential risk-based soil cleanup levels.

— OSWER’s risk reduction policy is for no child to have greater than a 5%
probability of having a blood lead level >10 pg/dL

— OSWER’s policy is that blood lead studies not be performed to attempt to
calculate a site-specific GSD nor to attempt to “validate” the model. EPA
generally recommends that if a blood lead study were to be performed, it
should be performed for medical intervention purposes only and not for
establishing long-term remedial or non-time-critical removal cleanup levels
at sites.

* NAS (2005) concluded: “Multicompartment predictive blood lead models
are powerful tools for pediatric lead exposure risk assessments, for
exploring lead risk management options, and for crafting remediation
strategies. Their application to Superfund sites with environmental lead
contamination is an important part of the CERCLA regulatory process.”
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#  Purpose of the Lead Models

IEUBK (Integrated Exposure Uptake Biokinetic Model)

* Predicts the blood lead levels in children (under 7 years old)
who are exposed to environmental lead from many sources

* Predicts the risk (probability) that a typical or hypothetical
child exposed to specified media lead concentrations will have
a blood lead level >10 pug/dL (the blood lead level of concern)

 Predicts PRG (cleanup levels) for various media in residential
soil.

ALM (Adult Lead Methodology)

e Predicts the risk of elevated blood lead levels in non-residential
settings (adult exposure to soil; ultimate receptor 1s fetus)

* Predicts PRG (cleanup levels) for soil in non-residential setting
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7| Characteristics of the IEUBK Model

* While IEUBK model risk assessments are more complex than
the typical Superfund risk assessment approach, the IEUBK
model 1s not as complex as variance propagation approaches
(PRA)

* The IEUBK model employs more site-specific information
than other EPA risk assessment models

e The IEUBK model performs well when comparing predicted
and observed blood lead levels (Hogan et al., 1998. Integrated
Exposure Uptake Biokinetic Model for Lead in Children:
Empirical Comparisons with Epidemiologic Data.
Environmental Health Perspectives, Vol. 106 No. S6)
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Variability Component

Z = [In(10) — In(GMPbB)] + In(1.6)

P1p=1-P < Z (expressed as a percent)

To calculate the probability of exceeding the 10 pg/dL level (Pyo):

Environmental Media O
———
«xaaaa BOdy compartment or elimination pool 3

required in more than one component

Elimination Pools of the Body

Body Compartments
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History of the IEUBK Model Development

IEUBK 1s the product of many years of development
1985-89: Office of Air Quality Planning Standards
1989: Development by Superfund following SAB review
1989-2001: DOS version (0.99d) development.

1994-2001: Release of 0.99d version by Superfund with
input from EPA, ATSDR, CDC, and SAB.

1998: Independent Validation and Verification Conference
1997-2001: IEUBK (0.99d) was converted to Windows
2001-present: IEUBK 1.0 and refinement continue
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Independent Reviews of the IEUBK

The reviewers have generally found that the model was
scientifically sound and useful for lead risk assessment

1990
1992
1998
1998
2005

SAB review for NAAQS

SAB review and External Peer Review of model
Independent Validation and Verification

SAB review for TSCA Section 403 Regulation

National Academies of Science (NAS) review for
Coeur d’Alene site report
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IEUBK Exposure Module Components

Media Concentrations for Input

Soil must be sampled. Site-

Refer to the IEUBK User’s
Guide and 1994 Guidance

Soil : : Manual for additional
specific data required. : : ..
information on this input
parameter.
: : Refer to the IEUBK User’s
Site-specific data or a value : :
: : Guide and 1994 Guidance
can be derived from soil .
Dust ) : : Manual for additional
concentration using multiple : : ..
: information on this input
source analysis.
parameter.
Ratio of indoor to outdoor air
: lead concentration is 30%.
3
Alr (defaulf) 0.1 pg/m Site-specific data may be
substituted.
Do ite- ifi
Drinking Water (default) 4 ng/L Site-specific data may be

substituted.
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o .
o IEUBK Components (continued)
Media Age-specific Intake Rates Comments
0-1 1-2 | 2-3 3-4 |45 |5-6 |6-7
year | yrs yrIs yIs yrs | yrs | yrs
Soil/dust 85 135 | 135 [ 135 | 100 |90 |85 Default values recommended. Intake
(mg/day) 1s apportioned 55% dust & 45% soil
Air (m®/day) | 2 3 5 5 5 5 7 Default values recommended
Drinking 0.2 0.5 0.52 [0.53 |[0.55]0.58|0.59 | Default values recommended
Water
(L/day)
Diet 3.16 |2.6 2.87 [2.74 |2.61 |2.74]2.99 | Site-specific data may be used to
(ug Pb/day) assess exposure to fish, game, or
home-grown produce.
Alt. Site-specific data may be used to account for Refer to the IEUBK User’s Guide
Source intake of lead in other sources and 1994 Guidance Manual for more
information

11
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'@

w7 Intake — Uptake — Biokinetic Relationship

-

Daily Intake of lead is calculated as follows:
Intake = Media Concentration x Media Intake Rate
For example: pg lead/day = (ug lead / g of media) x (g of media / day)

Uptake is calculated based on media-specific absorption values
(defaults are available): Uptake = Intake x Absorption Factor

Biokinetic module estimates transfer rates for Pb moving between
compartments and through elimination pathways to derive a predicted
long-term steady state geometric mean PbB concentration.

In the final step, the Probability module estimates a plausible
distribution of PbB concentrations for a given GSD. The distribution
1s centered on the geometric mean PbB concentration calculated by the

Biokinetic Module.
12
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@ IEUBK Model Media Selection Window

fle Parameter Inpt Computsion Qutput Graph Yiew

SUE 8L L0 4 AU EYE

13


follansbee
Lead Modeling Training Slides.  For more information on the contents of this document contact the TRW Hotline at 1-866-282-8622 or by email at pbhelp@epa.gov

follansbee
Lead Modeling Training Slides.  For more information on the contents of this document contact the TRW Hotline at 1-866-282-8622 or by email at pbhelp@epa.gov


Air Exposure Input

— Ihput for different age groups

&ir Data

Indoor air lead concentration [percentage of outdoor): IEEI

Cutdoor Air Ph centration [ugdm”™3);

™ Vanable %3

2%

Outdoaor &ir Pb Concentration [ugdm”™3);
Time Spent Outdoars [hrdday]:
Yenhlation B ate [m™3/day);

Lung Absorphion [%):

ok |
Lancel
Help®?
AGE [Years)
0-1 1-2 23 3-4 4-5 5-6 B-7

0.1 0.1 01 01 0.1 0.1 0.1

1 2 3 4 4 4 4

2 3 4] 4] 5 7 7

32 32 32 32 a2 32 32

TRW Homepage: http: /Ay epa. govzuperfund/programs/lead

14
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Dietary Exposure Input

Dietary Data

—DIETARY YALUES

il
AGE [TMearz]
-1 1-2 2-3 3-4 4-5 5-5 B-7
Dietary Lead Intake [ugsday] |5-53 IE-?E IE-45 IE-24 IE.D'I |5-34 I?I ak I
Cancel
i Mo i ves Help?

Ethniz Prefer

Eeagonal Pre

Usze alternate dietary values?

Concentration [ug Pbsa]l Percent of Food Class

Home Growen Fruits

Haorme Grown Yeqetables

Fizh Ffrom Fizhing

G ame Animalz from Hunting

EMCes

ferences

1T

[Z af all fruits)
[% of all wegetablez]
[Z of all rmeat)]

[%= of all meat]

11T

Gl / Bio

— Gl Yalues / Bioawailability

Change “alues

TRwW Homepage:
hittp: A v epa. goy Azuperfundprograms Alead
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Drinking Water Exposure Input

Drinking Water Data

—wWater Conzumption [LAday]

HEE [ears]
0-1 1-2 2-3 3-4 4-5 5-6 B-7
LCancel
||:|.2 ||:|.5 ||:|.52 ||:|.53 ||:|.55 |III.5E= ||:|.59

/A HE||:I?
— Uze alternate water waluss™?

* ko If Mo, please enter the lead concentration in drinking waterfug/L]: |4

T Yesz Ifves. pleaze fill in the information below.

— LEAD COMCEMTREATION IM DRIMEIMG “2WATER

Fercent of Total Conzumed az First Diraw: 5O
Concentration of Lead in First Diraws [LugsL]:
Concentration of Lead in Flushed [ugsL]:

Percentage of Total Consurmed from Fountains: 15

111

Concentration of Lead in Fountain '+ ater [ugfL]: 10

— Gl Yalues # Bioawaillability

Gl / Bio I Change Values TRw Homepage: http: A Awvnn 2pa. gos A zuperfundsprogramzAlead
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Soil and Dust Exposure Input

Soil'Dust Data

Soil/Dust Ingestion *»feighting Factor [percent sail]: |45 ok I

— Outdoor Soil Le

= Congtant Walue

£ wariabhe W alues

lndoor Dust Lead Lewels [Lgsal Cancel I
i Consztant walue =200 Help? I

i wariable Yalues

= pkdultiple Source Analysis

rAultiple Source &eeg: 150

— Soil/lndoor Dust Levelz[ug.s/g]

AGEE [Wears]
0-1 1-2 2-3 3-4 4-5 o-E B-7
Outdoor Sail Lead Lewels: |2|:u:| |2|:|D |2|:||:| |2|:u:| |2|:||:| |2|:u:| |2|:u:|
Indoor Dust Lead Lewvels: |1 50 |1 50 |1 50 |1 50 |1 50 |1 50 |1 50
— Armount of Soil/Dust Ingested Daily [glday]
BLEE [Wears]
0-1 1-2 2-3 3-4 4-5 55 6-7
Total Dust + Sail Intake: ||:|.|:|E=5 ||:|.1 a5 ||:|.1 a5 ||:|_1 a5 ||:|.1 oo |I:I.I:IEII:I ||:|_|:|E=5
— Gl YWaluezBioawailability
Gl A Bio I Changs valuss TR Homepage: http: Afvesns spa. goss AsupsifundAprograms Alead
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Multiple Source Analysis Detail

Multiple Source Analysis 7] x|

Contribution of zoil lead to indoor household dust lead ||:|_,'.-' Ok
[corwversion factor]:

Contribution of autdaar airborne lead ta indaor 100
houzehold dust lead [converzion factar);

— Indoor Dust Lead Sources

........

Second Hame Dust 200 0.000

Usze dlternate Indoor Dust Lead Sources? o Mk Ve
Concentration fug Ph/q) Percent
Houzehold Dust [average) IT IM
Secondan Dccupational Dzt IW IW
Dust at Schoal 200 0.000
Dzt at Daycare 200 IW
I—
I—

Lead-bazed Paint in Home 1200 0,000

117

TRW Homepage:
hittp: A My, epa, govdzuperfundprograms/lead
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Bioavailability Information Input

MEDIA
—Water [ _
[ Saill
0.3
e Diugst
— L ze alte
* Na Water
‘ez
Diet
—LEAD C
blternate

Percentage

Con

Gl VYalues ¢ Bioawvailability

Gl / Bio | Change Yalues

TOTAL PERCENT
ACCESSIBLE

3l

30

all
a0

GI Yalues/Bioavailability Information

FRACTIOM FASSIVES  HALF SATURATION
TOTAL ACCESSIBLE Lewvel [ug/day]

IIII.E 100

THW Homepage:

2| x|

Q.

Cancel

Help?

http: A A, epa. gov superfund/programsfead

LAy

otal Congumed from Fountains:

ration of Lead in Fountain ‘water [ugsL:

r
—
—

TRw Homepage:  http:/fwiees. epa.govd superfund/programz/lead
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Alternate Exposure Input

Alternate Source Intake

If wou change the alternate source inkake,
remember ko change the Alkernate Source Bbsorption
Percent on the GIfEioavailabilicy data entry screen.

X

Its default walue is 0.0% which must be changed
if inkakes are nok 0.0,

Alternate Source Data

2l

— Alternate Lead Intake [ug/day] —
AGE [ears) —_

0-1 1-2 2-3 34 4-5 5-E E-7 Cancel

|0 |0 |0 |0 |0 |0 [ Help?

— Gl Walues ¢ Binavailability

Gl A Bio | Change YWalues

TR Homepage:
http: £ fwaene, epa. govSsuperfund/programs flead
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Maternal Exposure Input

Maternal Data

2 x|

tother's Blood Lead Concentration at IEE'
Childbirth [Lg PhdL]:

TR Homepage:

ak.

LCancel

Help?

http: /fvows. epa. govsuperfundprogramsz/lead
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. Run Risk Calculation (forward equation)

Run the Model

Enter the Result File Mame IHunMDdEI

Select Timesteps I‘I - Ewerny 4 Hours (6 timesz a day]. j

{Export data into a Spreadshest Fomat [

TR Homepage: http: /e, epa, govdsuperfund/programsflead

2l

B

LCancel

Help? |

show Results As... X|

Computation iz done.

~ Pleaze choose from the following. —————— Cancel |

" Display as Text File

™ Show as a Distiibution Curve

{* Show az a Denzsity Curve |

TR Homepage:
hittp: & e, epa. govedzuperfund/ programsdlead

Cutoff, GSD, and Comment Information 7] ]

Select Age Group for Graph IEI to 84 maonths j Show Graph

Cancel

il

— Parameter Change

Change Cutoff

|1 0
Change GSD[GEeometnic Standard Deviation] |1 B

Comrment ||

TR Homepage:http: /v epa. gowdsuperfund/programs.lead

22
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Output from the IEUBK Model

EIEUBKwinBZ Model 1.0 build 260 - [Distribution Probability Density]

GSD=1. 600
% Above = 4,942
/ Below = 95.058

iggggnstartm&}@%@l“éH‘QE@@

] Fle oOutput View Help _|=|x]
Prob. Density (Blood Pb) B
25T
20: b
5]
Shaded portion
o] represents the fraction
of population above
: the cutoff
0 \\M
0 15 18 21 24 27 30
\ Blood Pb Conc {ugfdL)
/Cutoff 10.000 ug!dl A_ge Range =0to 84 n
Cutoft at 10 R o - Resear

H ZEudora-[... | M|crosoft... | AN
— —

o]

IEUEIKWWSZ Mode\ 1.0 build 260 - [Dlstr\but\on FProbakility Density]
]

12:31PM



follansbee
Lead Modeling Training Slides.  For more information on the contents of this document contact the TRW Hotline at 1-866-282-8622 or by email at pbhelp@epa.gov

follansbee
Lead Modeling Training Slides.  For more information on the contents of this document contact the TRW Hotline at 1-866-282-8622 or by email at pbhelp@epa.gov


«» Run PRG Calculation (backward equation)

Geometric Mean Blood Pb {Known Media Concentration)

— Search far Blood Pb Concentration Aszociated with media Pb conc, ——

1 —) Select a Medium

Select Age IEI to 84 months j

Cancel

Wigw Teqt Fie

E niter the Result File Hame IF'reu:IF'I:u

== Enter Known Medium Concentration |4|:IEI

dijdi}

Help?

Predicted Blood Pb Concentration [ugddL] I

Export data into a Spreadsheet Format [

Geometric Mean Blood Pb (Known Media Concenkrakion)

TRt Slomepege: Ultiges ki, B Eiess szl o — Search for Blood Phb Concentration Associated with media Pb conc, ——

Select a Medium ISD“ [rma k) j Cancel

Select Age ID ta 84 months j ‘iew Text File

di

Enter the Result File M arme IF'rEdF'h Help?

Erter Enowe Medium Concentration |4|:||:|

Predicted Blood Pb Concentration [
Geometric mean PbB e

Export data into a Spreadshest Format [

TRW Homepage: http: /v epa. gov/superfund/programszlead
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W# Evaluation and Validation of the IEUBK

IV&YV evaluated the following:

1. Scientific underpinnings of the model structure
2. Adequacy of parameter estimates

3. Mathematical relationships (as computer code)
4. Empirical comparisons (predicted vs. observed)

The process and results of the IEUBK validation are available
online (http://epa.gov/superfund/lead)

1994 Validation Strategy for the IEUBK

1998 Empirical Comparisons Manuscript (Hogan et al.,
1998)

25
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Comparison of IEUBK Predictions and Observed PbB

Comparison of Observed and Predicted Geometric Mean Blood Lead and Risk of Exceeding 10 pug/dL for
Three Community Blood Lead Studies

Dataset N Observed Blood Lead (png/dL) Model Predictions (ng/dL)
GM Percent >10 GM Percent >10
(95% CI) (95% CI) (95% CI) (95% CI)
Galena, KA 111 5.2 20 4.6 18
Jasper Co, MI? (4.5-5.9) (13-27) (4.0-5.3) (11-25)
Madison Co, IL? 333 5.9 19 5.9 23
(5.5-6.4) (15-23) (5.4-6.3) (19-28)
Palmerton, PA® 34 6.8 29 7.5 31
(5.6-8.2) (14-44) (6.6-8.6) (16-47)

Excerpts from Air Criteria Document for Lead (October 2006). Original data from Hogan et al. (1998)

CI, confidence interval; GM, geometric means
3Children away from home <10 hours/week
bChildren away from home <20 hours/week

26
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Sensitivity Analysis

Predicted PbB and total lead uptake were most sensitive to the
amount of soil/dust ingested per day

Predicted PbB and total lead uptake were moderately sensitive
to the following (listed in decreasing relative sensitivity):

— absorption fraction for soil dust and diet,

— soil lead concentration,

— 1ndoor dust lead concentration,

— dietary lead concentration,

— contribution of soil lead to indoor dust lead, and

— half-saturation absorbable intake (based on output-input ratio).

The predicted probability of exceeding a specified level of
concerns 1s very sensitive to changes in the GSD.
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vz IEUBK Strengths and Limitations

 Strengths:
> Risk predictions and PRG over a range of exposure
scenarios
> Inputs tailored to support Superfund site risk assessment
> Risk information complementary to a public health study or
when no public health study is available

o Limitations:
> Cannot assess short-term, periodic or acute exposures
(exposures must be for at least 1 day per week for 90
consecutive days)
> Cannot assess pica exposures
> Cannot assess dust exposures using loading data
> Cannot assess age groups > 7 years

28
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¥ EPA Adult Methodology (ALM)

« Adopted and modified from Bowers et al. (1994)
Uses a simplified biokinetic slope factor (BKSF)

« Slope relates change in PbB (ug/dL) per ug/day Pb absorbed
Exposure and other variables differ from IEUBK (IR,
bioavailability, etc.)

29
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ALM Spreadsheet (Risk Calculation)

Region OR
Fthnic GSIh
and FhBo
Data from
NHANES IIT
Analysis
Exposure Variable Descrption of Exposure Variable Tnits AlVAL
Fbi Soil lead concentration ugfg of pptn 1157 -
Rpetalimatemal Fetalimaternal PHB ratio - 0.9
BESF Biokinetic 3lope Factor ugfdl per 0.4
ugfday
Gy Geometric standard deviation PbB - 2.1 -
PbEg Baseline PhB ugfdL 1.5 -
Iz Soil ingestion rate (including soi-derived indoor dust) gfday 0.050
[Ez.p Total ingestion rate of outdoor soil and indoor dust gfday .
Wy Weighting factor; fraction of IRz ingested as outdoor soil -- .
Esn Ilass fraction of soil in dust - .
MS, ] Abgorption fraction (same for soil and dust) -- 012
EFS, ] Exposure frequency (same for soil and dust) days/yr 218
-n‘f"'LTS, ] Asreraging titme (satme for soi and dust) days/yr 365
PLB_ 3 PhB of adult worker, geometric mean ug/dL i
FbBaia nos Q5th percentile PhE among fetuses of adult wotkers ugfdl 100
FrE, Tatget PbE level of concern (e g, 10 ugfdl) ugfdl 100
P(PhB4.;. = FbE,) |Prohability that fetal PhB > PhB;, assuming lognormal distribution % 50%,
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Recommended PbBo and GDS: Input

Estimated GM PbB,, and GSD of US Women (17-45 years)

Subpopulation n GM PbB (ug/dL) GSD PRG (ppm)
All Census Regions Combined
All races | 5016 1.53 2.11 1197
Non-Hispanic white | 1529 1.45 2.09 1288
Non-Hispanic black | 1692 1.78 2.16 938
Mexican-American | 1562 1.70 2.29 794
All Races/Ethnic Groups Combined

Northeast Region | 629 1.98 2.00 1092
Midwest Region | 945 1.53 2.18 1079
South Region | 2159 1.39 2.07 1366
West Region | 1283 1.40 2.11 1287
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Guidance for the IEUBK and ALM

32

Model documentation (user’s guides and validation information)
Short Sheets

> Recommendations for Sampling and Analysis of Soil at Lead

Sites

> Soi1l/Dust Ingestion Rate

> Mass Fraction of Soil in Indoor Dust (MSD)

> Intermittent or Variable Exposures at Lead Sites
Residential Sites Handbook
Assessing Intermittent or Variable Exposures at Lead Sites
Bioavailability Guidance

Frequently Asked Questions (FAQs)

http://www.epa.gov/superfund/lead
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New Bioavailability Guidance

Guidance for Evaluating the Oral Bioavailability of Metals in Soils
for Use in Human Health Risk Assessment

United States OSWER 9285.7-80
Environmen tal

Protection Agency

_%,,-"““;;"*’E Guidance for Evaluating the Oral Bioavailability of
%" § Metals in Soils for Use in Human Health Risk
"o ASSESSmMent

%EPA OSWER 9285.7-77

May 2007

ESTIMATION OF
RELATIVE BIOAVAILABILITY OF LEAD
IN SOIL AND SOIL-LIKE MATERIALS USING
IN VIVO AND IN VITRO METHODS
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“¥  (Case Studies
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1. IEUBK: Single run with 500 ppm soil and default (old) dietary data. Risk calculation.

2. IEUBK: Single run with 500 ppm soil and new dietary data (attached). Risk
calculation.

3. IEUBK: PRG calculation using new dietary data and modified drinking water value.
Also saving and reloading a data file and reset all parameters.

4. IEUBK: Multiple runs for soil range using new dietary data and modified drinking
water value. Plot of risk calculations.

5. IEUBK: Find media concentration for soil without and with new dietary data and
interpretation of GM PbB output.

6. IEUBK: Creating a batch mode input file from a spreadsheet file (attached).
7. IEUBK: Running a batch mode to calculate risk.

8. ALM: Example data entry for non-residential scenario. Calculation of risk and PRG.
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7 TRW Lead Committee

Co-Chairs
« Mike Beringer (Region 7)
* Jim Luey (Region 8)

Executive Secretary: Aaron Yeow (OSRTI HQ)

Superfund Lead Webpage:
www.epa.gov/superfund/lead

Contact the TRW hotline
* Send an e-mail to pbhelp@epa.gov
o (all the toll-free TRW hotline at 1-866-282-8622
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LY 4
22 Wrap up

EPA provides risk tools and guidance to assess lead exposure at

hazardous waste sites. The Lead Committee of EPA’s Technical

Review Workgroup for Metals and Asbestos (TRW) 1s available

to support users when questions or when novel applications arise

 Evaluate & develop models and other risk tools

* Provide technical support for the development and
implementation of EPA guidance on lead

« Review application of risk assessment tools

 Provide technical assistance to end users for use of non-standard

(site-specific) values

TRW Lead Committee Members are EPA staff from
Regions, Headquarters, and Labs


follansbee
Lead Modeling Training Slides.  For more information on the contents of this document contact the TRW Hotline at 1-866-282-8622 or by email at pbhelp@epa.gov




